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Objective: To test the effects of heart rate, body mass index (BMI) and noise
level on interscan and interobserver variability of coronary artery calcium (CAC)
scoring on a prospective electrocardiogram (ECG)-triggered 64-slice CT.

Materials and Methods: One hundred and ten patients (76 patients with CAC)
were scanned twice on prospective ECG-triggered scans. The scan parameters
included 120 kV, 82 mAs, a 2.5 mm thickness, and an acquisition center at 45%
of the RR interval. The interscan and interobserver variability on the CAC scores
(Agatston, volume, and mass) was calculated. The factors affecting the variability
were determined by plotting it against heart rate, BMI, and noise level (defined as
the standard deviation: SD).

Results: The estimated effective dose was 1.5 + 0.2 mSv. The mean heart rate
was 63 + 12 bpm (range, 44-101 bpm). The patient BMIs were 24.5 + 4.5 kg/m?
(range, 15.5-42.3 kg/m?). The mean and median interscan variabilities were 11%
and 6%, respectively by volume, and 11% and 6%, respectively, by mass.
Moreover, the mean and median of the algorithms were lower than the Agatston
algorithm (16% and 9%, respectively). The mean and median interobserver vari-
ability was 10% and 4%, respectively (average of algorithms). The mean noise lev-
els were 15 + 4 Hounsfield unit (HU) (range, 8-25 HU). The interscan and inter-
observer variability was not correlated with heart rate, BMI, or noise level.

Conclusion: The interscan and interobserver variability of CAC on a prospec-
tive ECG-triggered 64-slice CT with high image quality and 45% of RR acquisition
is not significantly affected by heart rate, BMI, or noise level. The volume or mass
algorithms show reduced interscan variability compared to the Agatston scoring
(p <0.05).

he measurement of coronary artery calcium (CAC) can improve risk

prediction in conventional intermediate-risk patients, and should be

considered in individuals with an intermediate risk of experiencing a
coronary event (1.0% to 2.0% annual rate of coronary heart disease death or myocar-
dial infarction) for clinical decision-making with regard to refinement of risk assess-
ment (1). Monitoring CAC is suggested to assess the progression and regression of
coronary atherosclerosis, thereby documenting risk factors and lipid-lowering pharma-
cologic therapy (2). In this regard, the two major key requirements for the examina-
tion are low interscan variability and low radiation exposure.

Many factors are suggested to influence interscan variability in CAC, including the

scoring method, motion artifact, signal-to-noise ratio, partial volume effects, triggering

Korean J Radiol 10(4), Jul/Aug 2009



HR and BMI Effect on Coronary Artery Calcium Scoring at ECG-Triggered 64-Slice CT

errors, point of image acquisition, varying analysis tools
(3), as well as the total amount of CAC (4). Motion
artifacts are deeply associated with the temporal resolution
of the CT scanner and movement of the coronary artery;
the latter tending to accelerate as heart rate increases. A
high signal-to-noise ratio is important, i.e. low noise,

because hyperattenuating noise may be misjudged as CAC.

This factor is considered to be linked with the patient’s
body mass index (BMI). The purpose of this prospective
study was to assess the effect of heart rate, BMI and image
noise as a function of interscan and interobserver variabil-
ity of CAC scoring on a prospective electrocardiogram
(ECG)-triggered 64-slice CT. Also in addition, we investi-
gated the effect of the CAC scoring algorithm.

MATERIALS AND METHODS

Patient

This study is a subgroup analysis of a previously
published paper (5) investigating the CAC scoring of 1.25
mm and 2.5 mm thick images on a prospective ECG-
triggered 64-slice CT. Our Institutional Review Board
approved the study and written informed consent was
received from all patients involved after the nature of the
procedure had been fully explained (including radiation
dose information). For nine months, 110 consecutive
physician-referred patients (64 males and 36 females, 67
+ 10 years old: range, 42-83 years) who were suspected
of having coronary artery disease were included in this
study. Two repeated sequential scans, with a rest period of
around 1 minute in between, were performed using a 64-
slice CT scanner (LightSpeed VCT; GE Healthcare,
Waukesha, WI) with no change in subject positioning. The
table was advanced by 1 mm during the repeated scans to
mimic patient movement. The scans were performed 4 to 5
seconds after held their breath on inspiration in order to
minimize the change in heart rate during the scan (6).

Prospective ECG-Triggered Sequential CT Protocol

Each patient underwent a prospective ECG-triggered
sequential half-scan and obtained 2.5-mm thick images so
that the center of the temporal window corresponded to
45% of the RR interval. The scanning parameters had a
gantry rotation speed of 0.35 sec/rotation, 120 kV, and
350 mA. The matrix size was 512 x 512 pixels and the
display field of view was 26 cm. The medium reconstruc-
tion kernel of “Std (standard)” was used and the temporal
resolution was 175 msec.

Radiation Dose
The dose-length product (DLP) displayed on the Dose
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Report of the CT scanner was recorded. A reasonable
approximation of the effective dose (E) could be obtained
using the following equation:

E =kXxDLP

where E = Effective dose estimate and k = 0.017 mSv X
mGy* X cm™. This value is applicable to chest scans and is
the average of the male and female models (7).

Calcium Scoring
The Agatston (8), as well as calcium volume and mass (9)
were determined on a commercially available external
workstation (Advantage Windows Version 4.2, GE
Healthcare, Waukesha, WI) and CAC-scoring software
(Smartscore Version 3.5) according to the following
equations:
1. Agatston score = slice increment / slice thickness x
T (area X cofactor)
2. Volume =X (area X slice increment)
3. Mass = £ (area X slice increment X mean CT density) X
calibration factor (10)
All CT scans were independently scored by two radiolo-
gists with seven and one year(s) of experience in measur-
ing CAC, respectively.

The Interscan and Interobserver Variability

For patients with positive CAC measurement on all
scores, the interscan and interobserver variability was
calculated by using the percent difference between the
calcium scores:

1. Interscan variability = (absolute [scan1-scan2] / [scanl

+ scan2] x 0.5) x 100
2. Interobserver variability = (absolute [observer 1-
observer 2] / [observer 1 + observer 2] X 0.5) X 100
where observer 1 is the CAC score measured by
observer 1.

Using a two-factor factorial analysis of variance
(ANOVA), the interscan variability was compared
between the CAC scoring algorithms and observers as well
as the interobserver variability between the CAC scoring
algorithms and the scans.

Effect of Heart Rate, Body Mass Index and Noise
Level on Interscan and Interobserver Variability

The image noise, expressed as the standard deviation
(SD) of the CT values in the regions of interest set in the
aorta at the level of the left coronary artery, was measured
by observer 1 (Fig. 1). In order to determine the factors
influencing the interscan and interobserver variability,
targeting the patients with CAC, the variability was
plotted against the heart rate, BMI and SD. To determine
the relationship between SD and BMI and between SD and
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body weight for all patients, the SD was plotted against the
BMI and body weight, as described by Mahnken et al. (11).

Statistical Analyses

All statistical analyses were performed using a commer-
cially available software package (Statcel2, oms-publishing,
Saitama, Japan). The statistical analyses used included a
two-factor ANOVA test and linear regression. When statis-
tically significant results were observed by ANOVA, we
conducted a post-hoc Scheffé test for multiple pairwise
comparisons. Statistical significance was set at p < 0.05.

2., dh &
Fig. 1. Measurement of image noise.
Region of interest (typically about 150 mm?) is set in ascending
aorta on slice image at level of left coronary artery. Mean and
standard deviation of CT values are 40 HU and 17 HU, respec-
tively. Image noise is defined as standard deviation.
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Fig. 2. Discrepancy in interpretation of calcium deposit.
A-C. Calcium (arrow in A) is interpreted to be located in aorta by one observer and in left main coronary artery by other observer;
calcium (arrow in B) interpreted to be in epicardium versus in left anterior descending artery; calcium (arrow in C) interpreted to be in left
atrial wall versus in left circumflex artery.
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RESULTS

All patients were able to hold their breath (around 13
sec) on the two scans. The patients’ body weight and BMI
were 63 + 12 kg (range, 34-96 kg) and 24.5 + 4.5 kg/m?
(range, 15.5-42.3 kg/m?), while the patients’ mean heart
rates were 63 + 12 bpm (range, 44-101 bpm) on scan 1
and 62 + 11 bpm (range, 36-100 bpm) on scan 2. The
difference of mean heart rate between the two scans was 2
+ 3 bpm. The DLPs displayed on the Dose Report on the
CT scanner and the estimated effective doses were 90.2 +
9.8 mGy xcm and 1.5 £ 0.2 mSv, respectively.

Seventy-six of the overall 110 patients had CAC
deposits on the two scan images, whereas 34 patients had
no CAC deposits on either scan. The calcium deposited
over the aorta and left coronary artery, and calcium from
the epicardium, mitral valve or left atrial wall mimicking
the CAC were interpreted differently (Fig. 2). The propor-
tion of patients with higher heart rates (> 65 bpm) was
32% (24 of 76 patients) and with high BMI (> 25) was
34% (26 of 76 patients). The Agatston, volume, and mass
scores on the two observers are summarized in Table 1.

Interscan and Interobserver Variability (n=76)

The interscan and interobserver variability for Agatston,
volume, and mass scores is shown in Figure 3. The mean
and median interscan variability for observer 1 was 18%
and 10% for Agatston, 12% and 8% for volume, as well
as 12% and 7% for mass. In contrast, the mean and
median interscan variability for observer 2 was 14% and
8% for Agatston, 9% and 5% for volume as well as 10%
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and 6% for mass. The mean and median interobserver
variability on scan 1 was 9% and 2% for Agatston, 7%
and 2% for volume, as well as 7% and 2% for mass. In
contrast, the mean and median interobserver variability on
scan 2 was 13% and 5% for Agatston, 10% and 4% for
volume, as well as 14% and 8% for mass. The two-factor
ANOVA results revealed that a statistically significant
difference between scoring algorithms for interscan
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Fig. 3. Interscan and interobserver variability of Agatston,
volume, and mass scores.

Graph shows interscan and interobserver variability (Agatston;
black, volume; white, mass; gray). Bars and vertical lines indicate
mean and standard deviation, respectively. Interscan variability
was different between scoring algorithms (p < 0.05) and
observers (p < 0.05). Mean variability values are referenced in
text.

variability (p < 0.05) and observers (p < 0.05). The post-
hoc Scheffé test revealed a statistically significant differ-
ence between the Agatston and volume algorithms (p <
0.05) and between observer 1 and observer 2 (p < 0.05).
The two-factor ANOVA revealed no statistical significance
for the interobserver variability between scoring
algorithms, however a significant difference was found
between scans (p < 0.05). The Scheffé test revealed a
statistical significance between scan 1 and scan 2 (p <
0.05).

Effect of Heart Rate, Body Mass Index and Noise Level
on Interscan and Interobserver Variability (n = 76)

The noise levels were 15 + 4 Hounsfield unit (HU)
(range, 8-25 HU) for scan 1, and 14 + 3 HU (range, 8-24

Table 1. Agatston, Volume, and Mass Scores on Two
Repeated Scans

Agatston Volume Mass
Reader 1
Scanl 550(197), 7-5423 445 (172), 8-4198 102 (37), 1-869
Scan2 529 (212),3-4676 430 (181), 7-3656 101 (41), 1-782
Reader 2
Scanl 552 (197),6-5844 447 (171), 8-4523 103 (37), 1-921
Scan2  531(209), 2-5086 433 (185), 5-4023 101 (40), 1-837

Note.— data are expressed as mean (median), range
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Standard Deviation (HU)

Body Mass Index (kg:mz)

Standard Deviation (HU)

Body Weight (Kg)

Fig. 5. Scatterplot shows ratio between body mass index (kg/m?)
and standard deviation (HU). r2 = 0.260, slope = 0.40 HU/kg per
millimeter squared, intersection = 4.72 HU. Some exceptionally
high (or low) standard deviations are due to individual body
habitus (i.e., spinal spur is responsible for noisy image) or motion
artifacts.

HU) for scan 2. A regression analysis revealed that the
interscan variability (n = 6, 3 CAC scoring algorithms x 2
observers) was not significantly correlated with heart rate,
BMI or noise level. For the representatives, the interscan
variability for the mass score plotted against heart rate,
BMI and noise level are shown in Figure 4. The interob-
server variability (n = 6, 3 CAC scoring algorithms x 2
scans) was not correlated with heart rate, BMI or noise
level.

Relationship between Image Noise, Body Mass Index,
and Body Weight (n=110)

The SD plotted against the BMI and body weight is
shown in Figures 5 and 6. A regression analysis revealed a
statistically significant influence of the patient’s BMI and
body weight on the image noise (p < 0.05).

DISCUSSION

The present study demonstrates that interscan and
interobserver variability of CAC measurements on a
prospective ECG-triggered 64-slice CT with high image
quality and 45% of RR acquisition, is not significantly
affected by heart rate, BMI, or noise level.

Interscan and Interobserver Variability

We found promising results for volume or mass scoring
with low interscan variability for the CAC measurements
in the study (mean, 9-12%; median, 5-8%). In the latest
study on multimanufacturer CT scanners (12), the mass
algorithm has shown the least variability. The use of this
standardization algorithm also enables a quantitative
comparison of the CAC measured at different times and
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Fig. 6. Scatterplot shows ratio between body weight (kg) and
standard deviation (HU). r2 = 0.301, slope = 0.16 HU/kg per
millimeter squared, intersection = 4.67 HU.

using different CT scanner models. This facilitates a
meaningful comparison for patient data (within a patient
and across patients and institutions) (12). The interobserver
variability was comparable to the results on electron-beam
CT and a retrospective ECG-gated single-slice spiral CT
(13), however the result seems to be a little high consider-
ing the low interscan variability. The reason for this is not
clear, however it may be due to the different interpretation
of calcium measurements.

Effect of Heart Rate on Interscan and Interobserver
Variability

Before the beginning of the study, we hypothesized that
the variability would be influenced by heart rate, however
it was actually not. As motion artifacts are one of the main
factors contributing to an increase in the variability (3),
accelerated gantry rotation speed leads to a reduction in
variability. In addition, coronary artery motion tends to
become faster as heart rate increases, however this is not
necessarily always true and is not in a linear relationship.
The image quality of a coronary artery judged by motion
artifacts is reported to degrade with a high heart rate in
studies using a 64-slice CT coronary angiography (14, 15).
Similarly, the image quality of CAC measurements judged
by motion artifacts, may also degrade with high heart rate.
However, the variability is significantly affected by the
motion artifacts as well as partial volume effect or CAC
measurement. We obtained a 45% RR image, which is
indicated for coronary artery imaging in high heart rate
patients, especially the right coronary artery. In summary,
these are considered to be reasons for the lack of a signifi-
cant difference for the variability between low and high
heart rate groups. However, we need to perform a study
with a large sample to further strengthen the conclusion.
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Effect of Body Mass Index or Noise Level on Interscan
and Interobserver Variability

Noise is a problematic issue as hyperdense noise may be
misjudged as CAC (16). It is an especially serious concern
for the electron-beam CT. The approximate noise level
using a sharp reconstruction kernel is 24 HU, which was
believed to be at the upper limit of acceptable noise levels
(12). Apart from the design of the electron beam CT
systems, which use a fixed tube current multi-slice CT,
proportionally increases the number of X-ray photons for
producing an image, leading to images with a better signal-
to-noise ratio and higher spatial resolution when compared
with current electron-beam CT scanners (17). The SD
values in the study were controlled within 20 HU in most
patients, which is considered to lead to no significant
impact of BMI or noise level on the variability.

Relationship between Image Noise versus Body Mass
Index and Body Weight

A positive slope (SD of BML, 0.40; SD of body weight,
0.16) for the regression analysis between image noise
versus BMI and body weight, suggests the need for the
optimization of radiation dose based on physical constitu-
tion. Previously published reports about the individual
adjustment of the tube current, such as Mahnken et al.
(11), which used a body weight-adapted protocol
(kilograms plus 33 mAs), showed an improved slope (SD
of BMI, 0.19; SD of body weight, 0.054) compared to that
on a fixed tube current (SD of BMI, 0.378; SD of body
weight, 0.081; 133 mAs). In addition, Muhlenbruch et al.
(18) showed an improved slope using automated attenua-
tion-based tube current adaptation (SD of BMI, 0.25 to
0.51; depending on effective references of current time
product, 150 mAs to 210 mAs) compared to that on a
fixed tube current (SD/BMI, 1.30; 150 mAs). Lastly,
Sevrukov et al. (19) showed a significant association
between noise and BMI in an electron-beam CT study.

Limitations

Our data suggests that interscan and interobserver
variability for the CAC measurement on prospective ECG-
triggered 64-slice CT is not affected by heart rate;
however, a study with a larger patient population should
be performed. We scanned 45 % of RR images and found
that the diastolic phase, which was most commonly used
for cardiac imaging, needs to be further investigated. The
diastolic-phase reconstruction may further decrease
variability, especially in low heart rate patients. The
interscan and interobserver variability was not affected by
BMI or noise level, however it was in the result for high
image quality, which was obtained using a higher dose (1.5
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mSv) than an electron-beam CT (0.7 mSv) (7). We have to
investigate to what level we can reduce the radiation dose.
Furthermore, the dose should be controlled on a per
patient basis. Last, and most importantly, the variability
results shown in the study were obtained from scans with
the same positioning. Real world CAC examinations are
performed on the order of years apart and the CT calibra-
tion is different during the scans.

In conclusion, the interscan and interobserver variability
of CAC measurements on a prospective ECG-triggered 64-
slice CT with high image quality and 45% of RR acquisi-
tion is not significantly affected by heart rate, BMI, or
noise level. The volume or mass scoring for the CAC
algorithms showed reduced interscan variability compared
to Agatston scoring. The prospective ECG-triggered 64-
slice CT using volume or mass scoring is recommended for
monitoring CAC.
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